Abstract. The types of stimuli used as targets and masks considerably change the masking functions in a way that requires us to abandon any single mechanism of masking as the sole explanation of backward masking. In the first of two reports in which the problem of the maskdependence of masking is addressed, we explore the role of the relative spatial positioning of targets and masks in order to differentiate between local interaction and attentional models. If single letters were masked by double-letter masks then the relative spatial arrangement of the letters, which was changed in order to vary the involvement of metacontrast-like processes, had an effect at shorter SOAs, but not at longer SOAs where strong masking still persisted. This poses difficulties for proposing local contour interaction as the main mechanism of masking. Similarly, crowding effects alone cannot explain the results. Backward masking also involves attention being directed to working-memory processing of the succeeding object while abandoning the preceding object.
Introduction
Visual masking continues to be a central method of research in visual perception. Ironically, we are far from understanding its mechanisms although we continue to use it for practical scientific purposes.
Masking occurs if mutually different structures are presented in rapid succession and compete for the`privilege' of becoming explicitly recognised. In backward masking, a brief stimulus object, S1, that can be well perceived if presented alone becomes hardly visible if shortly followed by another stimulus, S2 (Breitmeyer 1984; Bachmann 1994; Breitmeyer and O ë g¯men 2000; Francis 2003 ). The typical backward-masking experiment requires the subject to perceive S1 (the target) as much as possible and to ignore S2 (the mask) as much as possible. Most of the data and theories in research on masking come from experiments in which target stimuli and stimulus onset asynchronies (SOAs) between target and mask are varied, but an invariant spatial structure is used as the mask. Although this strategy has helped to gather an impressive amount of evidence on time-course regularities of perceptual data processing, it is not the only way to study the microgenesis of perceptual representation and to learn about the basic mechanisms of masking. Indeed, almost perfect perception of the second stimulus (S2) instead of perception of the first stimulus (S1) in a row of two successive, spatially interacting stimuli shows that perceptual systems prefer S2 to S1 and proceed with processing and explicitly representing S2, replacing the to-be-formed (or forming) representation of S1 in the subject's awareness (Calis et al 1984) . If theoretically meaningful changes in the S2 content significantly change the functions of the masking of S1, then we can find evidence for certain mandatory steps in processing operations in object recognition, especially related to the later stages of processing. Unfortunately, few studies have adopted the strategy where the content of mask is varied. Francis and Herzog (2004) used this strategy to study metacontrast masking. In metacontrast, mask contours flank or surround target contours, but do not overlap with the target in space and time. Francis and Herzog (2004) presented very brief Vernier-offset targets (S1) which were followed either by a localised metacontrast Variations in backward masking with different masking stimuli: I. Local interaction versus attentional switch mask (S2) that flanked S1 or by an S2 that was a spatially extended grating that included locally the same elements flanking the S1 as in the first condition. A strong U-shaped masking function of S1 was found to occur in the first condition, but almost no masking took place in the second condition (ie in the so-called shine-through condition, where S1 was clearly seen on the background of the visible S2). Thus, local metacontrast interaction depends on more global processing of stimulus input. Unfortunately, varying the spatial extent of masking images may have led to a confusion between spatial characteristics, number of objects, and processing speed (with larger objects processed faster or objects consisting of more elements processed more slowly). In our present study we therefore manipulated relative spatial characteristics between the target and mask, but kept the number of stimulus items in the mask invariant, changing only their relative spatial arrangement vis-a© -vis the target. We also introduced the explicit task of perceiving the mask in addition to perceiving the target in order to compare more directly the extent of processing of the target and the mask.
In this study we had two main goals: (i) By using the strategy of varying mask images, we tested how changes in spatial arrangement of the mask images influenced perception of the backward-masked target images. If the later stages of object recognition are dominated by the information provided by the aspects of stimulation that are presented later, then manipulation of S2 will help to shed light on information processing operations that are carried out on input data at the later stages of processing.
(ii) By using different types of images as backward masks, so permitting us to manipulate the extent of involvement of local contour interaction, we tested the validity of alternative backward-masking theories for explaining the actual outcomes of masking, as dependent on the content of masks. These theories are: (a) attentional objectsubstitution theories (Bachmann and Allik 1976; DiLollo 1997, 2000; DiLollo et al 2000) ; (b) the local-contour-interaction theory (see Francis 1997 for an overview).
Experiment
The method used was that of successive stimulus recognition or`mutual masking' (eg Bachmann and Allik 1976; Michaels and Turvey 1979) . Two mutually different letter-target stimuli (S1 and S2), quasi-randomly sampled from the English alphabet, were successively presented at some unpredictable spatial location close to and around the fixation point. In each trial observers had to identify both targets. We varied the number of letters each target was formed from and the relative spatial position of the letters in order to manipulate the extent of inhibitory local interaction between the contours of the stimuli. If the S1 letter was bilaterally flanked by the S2 letters, there should have been stronger lateral inhibitory interaction compared with the stimulus arrangement where S1 was itself a flanking stimulus, being influenced only from one side. We also included two distractor letters together with the target letter in order to permit the involvement of the processes that are hypothesised to be present in object-substitution masking (eg DiLollo 1997, 2000; DiLollo et al 2000) . Object substitution is typically found if attention is not focused on the target in advance.
Each stimulus was presented for 16.7 ms, with SOA varied between 0 ms, 33 ms, 67 ms, and 100 ms. The subject's response was regarded to be correct if the target stimulus identity was reported correctly, irrespective of whether its temporal position relative to the other target was perceived correctly or not. We hypothesise that, even if there is no pattern masking, (i) the S2 identification rate should be higher than the S1 identification rate (backward masking prevails over forward masking according to object-substitution theory) and (ii) masking is stronger if the target is flanked on two sides compared with when it has masking influence on only one side (if metacontrast can explain masking).
2.1 Methods 2.1.1 Participants. Four subjects took part in the experimentötwo male and two female. All had normal or corrected-to-normal vision. All were na|« ve as to the purpose of the experiment.
2.1.2 Stimuli and apparatus. The target items were chosen quasi-randomly (there was no repetition between S1 and S2 in any trial) from the upper-case characters of the English alphabet (Courier-like font). In each trial, one of the targets (either S1 or S2) consisted of a single letter and the other target (either S1 or S2) consisted of a pair of letters that were identical (but both different from the other target). Target letters were spaced horizontally so that the single-letter target would easily fit into the empty space between the replicas of the letters that formed the double-letter target. Luminances of S1 and S2 were equal and had a value of 5 cd m À2 . The background luminance of the display screen was kept constant at 108 cd m À2 , as measured by a Hagner photometer (model EC1). Thus targets were depicted as negative-contrast stimuli.
The stimuli were presented at a viewing distance of 60 cm on a PC screen with a refresh rate of 60 Hz. The refresh cycles of the display were synchronised with the program-dependent timing of the stimuli in the DOS regime. The stimulus characters were approximately 0.5 deg along the vertical dimension. A fixation point (262 screen pixels) was permanently present at the centre of the display screen. Targets appeared at random locations around the fixation point, with the maximum possible angular distance of the outer perimeter of the stimulus being 4.51 deg away from the fixation point. For positive values of SOA, S1 was presented as a single-letter target stimulus followed by S2 as a double-letter target so that S1 either fitted in the space between the two replicas (two tokens) of the letter that made up S2 (ie the identical letters of S2 were flanking the different central letter which comprised S1) or it was a lateral, flanking letter. For negative values of SOA, S1 was presented as a double-letter target followed by S2 as a single-letter target. The letters of the double-letter target and the single letter of the single-letter target were spaced according to the standard distance of block letters on the screen. The interletter distance in the flanking double-letter target was 0.65 deg (as measured between the centres of the letters). The spatial position of single-letter targets with regard to double-letter stimuli was randomly varied between spatially flanking positions and flanked (central) positions; double-letter targets appeared either as a pair of letters that flanked the central target or as a spatially contiguous pair of letters unilaterally adjacent to the other target. The targets were presented together with two distractor letters which were different letters from the target stimuli. Figure 1 depicts two examples of stimulus arrangement.
2.1.3 Procedure. The experiment was run individually for each subject (observer) in a dimly lit room. Lighting conditions were kept constant throughout the whole cycle of experiments. After receiving instructions each observer participated in a small training session of 50 trials in which he or she had the possibility to ask the experimenter any questions. The main experiment consisted of two blocks of trials per observer with 5200 experimental trials in total. There was a rest break of 5 min between the blocks of trials.
First, the observer was asked to fixate on the fixation dot. To initiate a trial the observer had to press`Enter' on the computer keyboard. After 500 to 670 ms (varied randomly), S1 was presented, followed by S2, with SOA varying randomly between the trials from 0 to 100 ms (with a step equal to 2 refresh cycles). Observers indicated their responses by entering the respective two letters using the computer keyboard. The observers were explicitly informed that one of the stimuli consisted of the two mutually identical letters that formed a simultaneous pair and the other stimulus was a single letter. If unsure, subjects were required to enter their best guess.
Results and discussion
The first hypothesis was supported by the results. In the cases where a bilaterally nonflanked single letter S1 was used, S2 nevertheless strongly dominated perception (F 1 725 426X90, p 5 0X0001). Although with a double-letter S1, a single-letter S2 had considerably smaller power to mask S1 and half the chance of being sampled as a visual object, it was still perceived somewhat more strongly than S1 (F 1 741 13X67, p 5 0X0001). As can be seen in figure 2, for the cases with a single-letter S2 the difference between the rate of correct target identification for S1 and S2 is substantially lower than in the cases of a double-letter S2. The respective interaction between order of stimuli and single-letter versus double-letter appearance of stimuli was highly significant (F 1 1470 311X87, p 5 0X0001).
The results suggest substitution of S1 by S2. This can be either the result of switching attention to S2 and abandoning S1 processing in a feedforward manner or a result of terminating the hypothetical re-entrant hypothesis-testing öie if, when subsequent sensory input (about S2) is tested for a match with the visual category suggested by the preceding input (S1) there is a mismatch of the signals that are fed back from the higher-level S1 node to the lower-level local features of S2, and S1 processing is aborted (see DiLollo 1997, 2000; DiLollo et al 2000) . Also, the hypothetical re-entrant matching process that is regarded as responsible for leading to substitution of S1 by S2 should be sensitive to the number of stimulus tokens (ie letters): the more tokens there are, the higher the chance that target representation can be accessed and stored in the working memory before substitution. On the other hand, however, the more letters there are in one target compared with the number of letters in the other target, the stronger the relative metacontrast-like effect of that target should be. In order to differentiate between the object-substitution explanation and the metacontrast-like local contour interaction explanation of masking we should find conditions where the relative spatial arrangement of target letters in S1 and S2 does not matter. Indeed, the second hypothesis was only partially supported by the results: only with the relative shorter SOAs could the effects of metacontrast take place. The results indicating prevalence of S2 over S1 in the conditions with distractors (emphasising substitutive interactions) and with no pattern masking should not be an artifact of a stronger metacontrast-type interaction if attention is distributed. Although there should be some share of the lateral-inhibitory metacontrast effects [single-letters S1s as flanked stimuli were perceived with less efficiency in comparison with single-letter S1s as flanking stimuli (F 1 3 19X93, p 5 0X022)], this depended strongly on SOA (respective interaction between SOA and spatial positioning of a single-letter S1 was significant at F 2 6 22X77, p 5 0X002, with only asynchronous stimulus presentation conditions being accounted for in ANOVA). With increasing SOA the effect of the spatial positioning of single-letter S1s decreased, reaching an equal level of correct recognition of about 40% for flanking and flanked S1s when SOA 100 ms. (In the additional control trials with SOA 200 ms, correct recognition of single-letter targets recovered to about 85%.) Thus, although strong masking for single-letter S1s persisted at the longest SOA, this cannot be attributed to standard sensory effects of metacontrast masking. Moreover, when SOA 100 ms, the amount of masking was compatible to or larger than the amount of masking with SOAs equal to 33 ms and 67 ms. This once more suggests that the local spatial interaction component of masking is additive to the substitutionmasking effect at the SOA values that allow interaction at processing levels other than those related to substitution. It may be either sensory in origin, operating at the relatively low levels of visual signal processing (eg lateral inhibition), or related to attentional crowding effects (eg Intriligator and Cavanagh 2001) . If the latter, then the attentional individuation of stimulus items with the average eccentricity of stimulus presentation used in our experiments should already be somewhat difficult. Indeed, with our average spatial eccentricity of stimuli (2.25 deg), the spacing of neighbouring stimulus letters with about 0.33 deg between their centres falls slightly below the spacing value that led to the 75% value of correct attentional item individuation Backward masking prevails over forward masking for both orders of presentation. In forward masking of a single-letter target by a double-letter target, spatial arrangement of the target letters does not matter. In backward masking of a single-letter target by double-letter targets spatial arrangement has a substantial effect, but only for short-to-medium SOAs. For long SOAs leading to strong backward masking of the single-letter target, spatial arrangement does not matter.
as reported by Intriligator and Cavanagh (2001) . Higher-level interactions leading to nonmonotonic function of S1 recognition (and not just metacontrast interactions) have been suggested also by Bachmann and Allik (1976) and in a recent related study by Huckauf and Heller (2004) .
The results suggest that both a substitutive type and a lateral-inhibitory and/or crowding type of process can be involved in backward masking where pattern masking is excluded, with metacontrast and/or attentional crowding contribution decreasing with increasing SOA and with object-substitutive interactions taking an upper hand at about SOA 100 ms. Our results are also consistent with data from Jiang and Chun (2001) who showed spatial flexibility of S1 replacement by S2 in substitution masking.
The finding that at short SOAs spatial arrangement is important whereas at the longest SOAs (where strong masking persists) it is not (see figure 2) shows that localcontour-interaction-dependent processes in masking do not take place at longer SOAs and higher-level cognitive processes should be accepted in addition to the sensory ones. Although both the feedforward version of the attentional replacement of S1 by S2 and the re-entrant version of the attentional substitutive type of object masking may be involved, we cannot make the respective distinction with our data. Bachmann and Allik (1976) explained backward pattern masking as follows (page 93):``Suppose ... that two stimuli, S1 and S2, enter in rapid succession into ... analysing system. ... When the information on S2 reaches the features level before the processing of S1 at this level is completed, then the features of both stimuli can be analysed in parallel ... This means that integration of two stimuli takes place at ... intervals for which the analysis of S1 alone, according to its ... features, could not yet be finished.' ' Bachmann and Allik (1976) explain masking at short SOAs as a consequence of a decrease of the discriminability of target features in an integrated target-plus-mask representation. The same should apply to a local intercontour interaction with spatially nonoverlapping stimuli as in the present study. However, when S1 is already encoded at the integrated (iconic) objects level then as a next step a category search for it begins.``When the features of S2 are integrated before the encoding of S1 is completed, then the succeeding item replaces the`old' icon with the representation of a new object. ... The subject is unable to pay conscious attention to two objects at once, although they are represented at different levels. On the neurophysiological plane this is possibly done on the basis of inhibitory relationships between different ... representational systems, or by distortion of ... excitatory feedback loops ...'' (Bachmann and Allik 1976, page 93) . The SOAs typical for attention switch from S1 to S2 are thought to be around 50^100 ms. This includes our present condition where SOA 100 ms. For attention switch it is not overly important whether the succeeding object flanks the preceding object from both sides or only unilaterally.
In essence, backward masking at longer SOAs above 50 ms is preventing consciousness of the preceding processed object by focusing attention on the following object instead (Price 2001) .
